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1
METHOD FOR MANUFACTURING
NANOWIRES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0105634, filed on
Aug. 14, 2014, with the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND

1. Field

Aspects of embodiments of the present disclosure relate to
a system and method of manufacturing a nanowire that
enables adjusting the position and length thereof.

2. Description of the Related Art

Nanotechnology generally refers to fabrication of matter,
elements, or systems having new or improved physical,
chemical, and biological properties by manipulating, ana-
lyzing and controlling substances on the nanometer scale.
The development of nanotechnology has introduced many
different nanostructures, including nanowires and nano-
tubes, for example. Nanowires have many applications, such
as in optical elements (e.g., lasers), transistors, capacitors,
display substrates and memory devices.

SUMMARY

The present disclosure includes a method of manufactur-
ing a nanowire that enables adjusting the position and length
thereof.

According to an embodiment of the present system and
method, a method of manufacturing a nanowire includes:
forming a silicon oxide layer by performing deposition of a
silicon oxide on a substrate; forming a metal layer by
performing deposition of a metal on the silicon oxide layer;
forming a metal agglomerate by performing heat treatment
on the substrate where the metal layer is formed; and
growing a nanowire in an area where the metal agglomerate
is formed by performing plasma treatment on the substrate
where the metal agglomerate is formed.

Forming the silicon oxide layer may include performing
one of chemical vapor deposition (CVD) and plasma
enhanced chemical vapor deposition (PECVD).

The silicon oxide layer may have a thickness of 80 nm to
120 nm.

The metal may be one of silver (Ag), copper (Cu), gold
(Au), aluminum (Al), magnesium (Mg), rhodium (Rh),
iridium (Ir), tungsten (W), molybdenum (Mo), cobalt (Co),
zinc (Zn), nickel (Ni), cadmium (Cd), ruthenium (Ru),
osmium (Os), platinum (Pt), palladium (Pd), tin (Sn),
rubidium (Rb), chromium (Cr), tantalum (Ta), niobium (Nb)
and metal alloys thereof.

The metal may be silver (Ag) or a silver alloy.

Forming the metal layer may include performing one of a
sputtering method, a vacuum deposition method, and an
electroplating method.

The metal layer may have a thickness of 5 nm to 20 nm.

The heat treatment may be performed at a temperature of
50° C. to 600° C.

The plasma treatment may use gas comprising at least one
of chlorine (C12) gas, nitrogen (N,) gas, argon (Ar) gas and
hydrogen (H,) gas.
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The method of manufacturing a nanowire may further
include removing the residual metal agglomerate from a
surface of the nanowire by performing wet etching on the
substrate where the nanowire grows.

According to embodiments of the present system and
method, the position and length of a nanowire can be
selectively adjusted.

The foregoing is illustrative only and is not in any way
limiting. The above-described aspects, embodiments, and
features are further described below with reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and aspects of the present
system and method are described with reference to the
accompanying drawings, in which:

FIG. 1 provides schematic perspective views sequentially
illustrating a method of manufacturing a nanowire according
to an embodiment of the present system and method;

FIG. 2 provides schematic perspective views sequentially
illustrating a method of manufacturing a nanowire according
to another embodiment of the present system and method;

FIG. 3 is a focused ion beam (FIB) picture of a substrate
having silver (Ag) agglomerates formed thereon in the
manufacturing of a nanowire according to Exemplary
embodiment 1;

FIG. 4 is a FIB picture illustrating a nanowire according
to Exemplary embodiment 1;

FIG. 5 is a FIB picture illustrating a nanowire according
to Exemplary embodiment 2;

FIG. 6 is a FIB picture illustrating a nanowire according
to Exemplary embodiment 3; and

FIG. 7 is a FIB picture illustrating a nanowire according
to Exemplary embodiment 4.

DETAILED DESCRIPTION

Advantages and features of the present system and
method are described with respect to specific embodiments
and the accompanying drawings. The present system and
method may, however, be embodied in many different forms
and are not limited to the embodiments set forth herein.
Rather, these embodiments are provided as examples to help
those of ordinary skill in the art to more conveniently
understand the teachings of the present system and method.
Like reference numerals refer to like elements throughout
the specification.

The spatially relative terms “below”, “beneath”, “lower”,
“above”, “upper”, and the like, may be used herein to
describe the relative positions of the elements or compo-
nents as illustrated in the drawings. The spatially relative
terms are intended to encompass different orientations of the
device when in use or operation, in addition to the orienta-
tion depicted in the drawings. For example, if the device
shown in the drawing is turned over, the device described as
“below” or “beneath” another device in the drawing would
then be oriented “above” the another device. Accordingly,
the illustrative term “below” includes both the lower and
upper positions, depending on the orientation of the device
relative to that shown in the drawings. The device may also
be oriented in other directions, in which case the spatially
relative terms are to be interpreted accordingly depending on
the orientation of the device relative to the orientation
depicted in the drawings.

Throughout the specification, when an element is referred
to as being “connected” to another element, the element may
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be “directly connected” to the other element, or “electrically
connected” to the other element with one or more interven-
ing elements interposed in between. The terms “comprises,”
“comprising,” “includes” and/or “including,” when used in
this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

Unless otherwise defined, all terms used herein (including
technical and scientific terms) have the meaning commonly
understood by those of ordinary skill in the art to which the
present system and method pertain. That is, terms, including
those defined in commonly used dictionaries, have a mean-
ing that is consistent with the context of the relevant art
unless clearly defined in the present specification.

Referring to FIG. 1, a method of manufacturing a
nanowire according to an embodiment of the present system
and method may include: forming a silicon oxide layer 200,
forming a metal layer 300, forming a metal agglomerate
310, and growing a nanowire 400.

The silicon oxide layer 200 may be formed of silicon
oxide (SiO,) by performing chemical vapor deposition
(CVD) or plasma enhanced chemical vapor deposition
(PECVD) on a substrate 100. However, the present system
and method are not limited thereto. Thus, other known
deposition methods may be employed, such as thermal
chemical vapor deposition (T-CVD) or inductively coupled
enhanced chemical vapor deposition (ICPECVD).

The substrate 100 may include one or more of a glass
substrate, a silicon substrate, a ceramic substrate, and a
polymeric substrate.

The silicon oxide layer 200 may have a thickness of 80
nm to 120 nm. For example, the silicon oxide layer 200 may
have a thickness of 100 nm.

The metal layer 300 may be formed by a sputtering
method, a vacuum deposition method, or an electroplating
method. However, the present system and method are not
limited thereto, and thus other known deposition methods
may be employed.

The metal layer 300 may be one of silver (Ag), copper

(Cuw), gold (Au), aluminum (Al), magnesium (Mg), rhodium
(Rh), iridium (Ir), tungsten (W), molybdenum (Mo), cobalt
(Co), zinc (Zn), nickel (N1), cadmium (Cd), ruthenium (Ru),
osmium (Os), platinum (Pt), palladium (Pd), tin (Sn),
rubidium (Rb), chromium (Cr), tantalum (Ta), niobium (Nb)
and metal alloys (e.g., silver alloy) thereof.
The metal layer 300 may have a thickness of 5 nm to 20 nm.
For example, the metal layer 300 may have a thickness of 10
nm.
The metal agglomerate 310 may be formed by performing
heat treatment on the substrate 100 on which the metal layer
300 is formed. That is, the metal of the metal layer 300 may
undergo agglomeration by the heat treatment to form the
metal agglomerate 310. The area and position of the metal
agglomerate 310 may be defined by adjusting the tempera-
ture and duration of the heat treatment. The heat treatment
may be performed at a temperature of 50° C. to 600° C., and
more particularly, 280° C. to 320° C.

The nanowire 400 may be grown by performing plasma
treatment on the substrate 100 where the metal agglomerate
310 is formed. The plasma treatment may include using one
or more of a chlorine (C12) gas, nitrogen (N,) gas, argon (Ar)
gas and hydrogen (H,) gas.

Silicon oxide (Si0O,) of the silicon oxide layer 200 may be
dissociated and then dissolved and diffused in the metal
agglomerate 310 by the plasma treatment to grow the
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nanowire 400. The nanowire 400 may grow in a vertical
direction in an area where the metal agglomerate 310 is
formed. The length of the nanowire 400 being grown may be
controlled by adjusting the duration of the plasma treatment.

Referring to FIG. 2, a method of manufacturing a
nanowire according to another embodiment of the present
system and method may further include removing the metal
agglomerate 310 after the growing of the nanowire 400,
compared to the method of manufacturing the nanowire of
FIG. 1. To remove the residual metal agglomerate 310 from
a surface of the nanowire 400, wet etching may be per-
formed on the substrate where the nanowire 400 is grown.
However, the present system and method are not limited
thereto, and thus, other known etching methods may be
employed.

The present system and method are described further
below with reference to Exemplary embodiments 1 through
4. Exemplary embodiments 1 through 4 described below are
illustrative only and are not limiting.

Exemplary Embodiment 1

Manufacturing of a Nanowire by Performing Heat
Treatment and 40 Seconds of Plasma Treatment

In this embodiment, silicon oxide (Si0,) is deposited on
a glass substrate by performing the plasma enhanced chemi-
cal vapor deposition (PECVD), thereby forming a silicon
oxide layer of about 100 nm in thickness. Next, silver (Ag)
is deposited on the silicon oxide layer by sputtering, thereby
forming a silver (Ag) layer of 10 nm in thickness. Subse-
quently, the glass substrate on which the silver (Ag) layer is
formed is subject to heat treatment at 370° C., thereby
forming a silver (Ag) agglomerate. Lastly, the substrate on
which the silver (Ag) agglomerate is formed is subject to the
plasma treatment, thereby manufacturing a nanowire. The
plasma treatment is performed by injecting a gas mixture of
Cl, (270 sccm) and N, (30 sccm) into a chamber and
applying a power of 3KW and a process pressure of 20 mtorr
to the chamber.

The FIB picture of FIG. 3 shows that a plurality of silver
(Ag) agglomerates is formed on the silicon oxide layer by
the heat treatment. The FIB picture of FIG. 4 shows that the
silicon oxide (Si0,) nanowire grows to 123.77 nm in length
with 40 seconds of the plasma treatment.

Exemplary Embodiment 2

Manufacturing of a Nanowire by Performing Heat
Treatment and 80 Seconds of Plasma Treatment

Exemplary embodiment 2 employs the same condition
and method of Exemplary embodiment 1, except the plasma
treatment is performed for 80 seconds. The FIB picture of
FIG. 5 shows that the silicon oxide (Si0O,) nanowire grows
to 399.73 nm in length with 80 seconds of the plasma
treatment.

Exemplary Embodiment 3

Manufacturing of a Nanowire by Performing Heat
Treatment and 120 Seconds of Plasma Treatment

Exemplary embodiment 3 employs the same condition
and method of Exemplary embodiment 1, except the plasma
treatment is performed for 120 seconds. The FIB picture of
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FIG. 6 shows that the silicon oxide (SiO,) nanowire grows
to 585.56 nm in length with 120 seconds of the plasma
treatment.

Exemplary Embodiment 4

Manufacturing of a Nanowire by Performing Heat
Treatment and 160 Seconds of Plasma Treatment

Exemplary embodiment 4 employs the same condition
and method of Exemplary embodiment 1, except the plasma
treatment is performed for 160 seconds. The FIB picture of
FIG. 7 shows that the silicon oxide (SiO,) nanowire grows
to 764.02 nm in length with 160 seconds of the plasma
treatment.

Embodiments of the present system and method are
disclosed herein for purposes of illustration. The present
system and method, however, are not limited to these
embodiments. Various modifications may be made by those
of ordinary skill in the pertinent art without departing from
the scope and spirit of the present teachings.

What is claimed is:
1. A method of manufacturing a nanowire, the method
comprising:

forming a silicon oxide layer by performing deposition of
a silicon oxide on a substrate;

forming a metal layer by performing deposition of a metal
on the silicon oxide layer;

forming a metal agglomerate by performing heat treat-
ment on the substrate where the metal layer is formed;
and

growing a nanowire in an area where the metal agglom-
erate is formed by performing plasma treatment on the
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substrate where the metal agglomerate is formed,
wherein the nanowire is grown between the metal
agglomerate and the substrate.

2. The method of claim 1, wherein forming the silicon
oxide layer comprises performing one of chemical vapor
deposition (CVD) and plasma enhanced chemical vapor
deposition (PECVD).

3. The method of claim 1, wherein the silicon oxide layer
has a thickness of 80 nm to 120 nm.

4. The method of claim 1, wherein the metal is one of
silver (Ag), copper (Cu), gold (Au), aluminum (Al), mag-
nesium (Mg), rhodium (Rh), iridium (Ir), tungsten (W),
molybdenum (Mo), cobalt (Co), zinc (Zn), nickel (Ni),
cadmium (Cd), ruthenium (Ru), osmium (Os), platinum (Pt),
palladium (Pd), tin (Sn), rubidium (Rb), chromium (Cr),
tantalum (Ta), niobium (Nb) and metal alloys thereof.

5. The method of claim 4, wherein the metal is silver (Ag)
or a silver alloy.

6. The method of claim 1, wherein forming the metal layer
comprises performing one of a sputtering method, a vacuum
deposition method, and an electroplating method.

7. The method of claim 1, wherein the metal layer has a
thickness of 5 nm to 20 nm.

8. The method of claim 1, wherein the heat treatment is
performed at a temperature of 50° C. to 600° C.

9. The method of claim 1, wherein the plasma treatment
uses gas comprising at least one of chlorine (Cl,) gas,
nitrogen (N,) gas, argon (Ar) gas and hydrogen (H,) gas.

10. The method of claim 1, further comprising: removing
the residual metal agglomerate from a surface of the
nanowire by performing wet etching on the substrate where
the nanowire grows.



